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ABSTRACT
Yield and nutritional value of maize for silage in dependance on type, rate and application of organic manures were 
investigated in a ﬁeld semi-operational experiment established near the biogas station in the location of Kolíňany in 
the years 2004 and 2005. The trial results conﬁrmed a statistically high signiﬁcant effect of weather conditions on 
the maize aboveground phytomass yield. Under the infavourable weather conditions of the year 2004 a lower yield 
(28.01 t.ha-1) was achieved in comparison with the year 2005 (48.33 t.ha-1). When 50 t.ha-1 of biosludge was applied in 
autumn, the highest yield as well as the highest energy value of aboveground maize phytomass expressed in terms of 
net energy of lactation (NEL = 6.45 MJ.kg-1 DM) and net energy of fattening (NEF = 6.47 MJ.kg-1 DM) were achieved. 
Spring application of biosludge decreased the content of dry matter in maize by 20.7 %, and increased the content of 
crude protein by 13.7 %, crude ﬁbre by 5.5 % and ash by 26.3 % compared to the values achieved at autumn biosludge 
application. The value of protein truly digested in the small intestine was the highest in treatment fertilized with farm 
- yard manure with the rate of 40 t. ha-1 (PDIN = 52.33 g.kg-1 DM, PDIE = 77.37 g.kg-1 DM).
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ROZŠÍRENÝ ABSTRAKT
V poľnom poloprevádzkovom pokuse založenom 
v blízkosti bioplynovej stanice v lokalite Kolíňany sa 
sledovala v rokoch 2004 a 2005 úroda a výživná hodnota 
nadzemnej fytomasy kukurice siatej v závislosti od 
druhu, dávky a termínu aplikácie organických hnojív. 
Kukurica siata odrody ANIOU 450 sa pestovala na 
piesočnato-hlinitej hnedozemi so slabo kyslou pôdnou 
reakciou, stredným obsahom fosforu, dobrým obsahom 
draslíka, veľmi vysokým obsahom horčíka a malým 
obsahom humusu. Experimentálny pozemok je situovaný 
v kukuričnej výrobnej oblasti, v miernej klimatickej 
oblasti B 3 (mierne teplá, mierne vlhká) s nadmorskou 
výškou 192 m n. m. Dlhodobý úhrn zrážok (1951-1980) 
bol 561 mm, dlhodobá priemerná ročná teplota vzduchu 
bola 9,7 0C. 
Pokus bol založený s piatimi variantmi hnojenia, ktoré 
boli štvornásobne opakované. Na variantoch hnojených 
organickými hnojivami sa aplikovalo kombinované 
priemyselné hnojivo NPK 15-15-15 v dávke 250 kg.ha-1. 
Varianty hnojenia sú diferencované rozdielnymi dávkami 
organických hnojív: variant 1: nehnojená kontrola, 
variant 2: NPK + 25 t.ha-1 maštaľného hnoja (MH 25), 
variant 3: NPK + 50 t.ha-1 biokalu aplikovaného na jeseň 
(kal jeseň), variant 4: NPK + 40 t.ha-1 maštaľného hnoja 
(MH 40), variant 5: NPK + 50 t.ha-1 biokalu aplikovaného 
na jar (kal jar). 
Výsledky pokusov potvrdili štatisticky vysoko preukazný 
vplyv pestovateľského ročníka na úrodu nadzemnej 
fytomasy kukurice siatej. V poveternostne nepriaznivom 
roku 2004 sa dosiahla nižšia priemerná úroda fytomasy 
(28,01 t.ha-1) ako v roku 2005 (48,33 t.ha-1). Aplikáciou 
biokalu na jeseň v dávke 50 t.ha-1 sa dosiahla najvyššia 
úroda (40,89 t.ha-1) a najvyššia energetická hodnota 
nadzemnej fytomasy kukurice siatej, vyjadrená 
hodnotami netto energie laktácie (NEL = 6,45 MJ.kg-
1suš.) a netto energie výkrmu (NEV = 6,47 MJ.kg-1suš.). 
Jarná aplikácia biokalu v porovnaní s aplikáciou biokalu 
na jeseň znížila obsah sušiny o 20,7 %, zvýšila obsah 
N- látok o 13,7 %, vlákniny o 5,5 % a popola o 26,3 
%. Hodnota skutočne stráviteľných dusíkatých látok 
v tenkom čreve bola najvyššia na variante hnojenom 
maštaľným hnojom v dávke 40 t.ha-1 (PDIN = 52,33 g.kg-
1 suš., PDIE = 77,37 g.kg-1 suš.).  
Dusíkaté hodnoty na variantoch hnojených biokalom 
potvrdzujú, že so vzrastajúcou sušinou celých rastlín 
klesá koncentrácia dusíkatých látok, zatiaľ čo PDIN sa 
s narastajúcou sušinou znižuje, PDIE sa zvyšuje.  
Kľúčové slová: kukurica siata, maštaľný 
hnoj, biokal, úroda, energetická 
a dusíkatá hodnota
INTRODUCTION
Silage maize is a signiﬁcant glycide feed and source of 
nutrients in farm animals nutrition. Under appropriate 
harmonization of agroclimatic, soil and technological 
requirements, this crop can provide a high amount of 
organic matter by which it absorbs considerable quantity 
of nutrients from soil. By 10 tons of green mass it takes 
up 21 kg N, 4.3 kg P and 29 kg K [4]. Maize requires 
slow and permanent release of nutrients in soil. This 
need is ensured by organic manuring [5], particularly 
by farm - yard manure which as complex biofertilizer 
offers the whole spectra of positive effects on biological 
activity of soil, its physical properties and agrochemical 
characteristics [8]. As consequence of the reduction of 
farm animals numbers, production of farm manures 
decreased markedly in the Slovak Republic. Just for this 
reason utilization of various alternative forms of farm by 
products and wastes of organic character increasingly 
rises with the aim to decrease organic matter deﬁcit in 
soil.
Continual anaerobic fermentation of animal and plant 
wastes in the process of biogas production provides as a 
by-product biosludge suitable for ﬁeld crops fertilization. 
Utilization of biosludge for fertilizing purposes reduces 
the requirements of sugar beet and silage maize for mineral 
fertilizers [7] and improves organic matter balance [6]. 
Spring application of biosludge represents a source 
of available nitrogen for plants and enables to reach a 
positive balance of phosphorus and potassium resulting 
in their increased content in the soil. Application of 
biosludge also showed positive inﬂuence on the moisture 
regime in soil mainly by holding water in upper part of 
arable proﬁle, inﬁltration ability of soil and structural 
aggregates formation [9]. Below - limit amounts of 
heavy metals in both biosludge and grown plants were 
determined [16].
The aim of this contribution is to characterize yield, 
energy parameters and nutrition value of the whole plant 
of maize (Zea mays L.) under the application of organic 
fertilizers in various rates and terms.
MATERIAL AND METHODS 
A ﬁeld small-plot experiment with maize (variety 
ANIOU 450) grown in crop rotation after sugar beet, 
was established on sandy-loam brownsoil near to biogas 
station in the location of Kolíňany. The experimental site 
belongs to the maize productional region in moderate 
climatic region B3 (moderately warm, moderately wet) 
with an altitude of 192 m. The long term sum of annual 
precipitation (1951 - 1980) represents 561mm, the long 
term average annual atmospheric temperature is 9.7 °C. 
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Weather conditions during the experimental period are 
illustrated in ﬁg. 1 and 2.
Agrochemical soil characteristics before the trial 
establishment are stated in table 1. The content of 
available nutrients in the soil was determined by the 
Mehlich III method.
Table 1: Agrochemical soil analysis 
Tabu�ka 1: Agrochemický rozbor pôdy 
Year P K Mg pHKCl 
Humus  
mg.kg-1 %
2004 55 208 392 6,25 1,76 











































Figure 1: Pattern of weather conditions in year 2004
Obr. 1: Priebeh poveternostných podmienok v roku 








































Figure 2: Pattern of weather conditions in year 2005
Obr. 2:  Priebeh poveternostných podmienok v roku 
2005
Five treatments of fertilization, each in four replications, 
were investigated in the experiment as follows:
treatment 1: unfertilized control
treatment 2: NPK 15-15-15 + 25 t.ha-1 of farm - yard 
manure (FYM 25)
treatment 3: NPK 15-15-15 + 50 t.ha-1 of biosludge 
applied in autumn (BSA)
treatment 4: NPK 15-15-15 + 40 t.ha-1 of farm - yard 
manure (FYM 40)
treatment 5: NPK 15-15-15 + 50 t.ha-1 of biosludge 
applied in spring (BSS)
In all treatments fertilized with organic manures, 250 
kg.ha-1 of the combined mineral fertilizer NPK 15-15-15 
was applied in autumn.
The results of chemical analysis of applied organic 
fertilizers are stated in table 2.
Average samples of fresh plant material were taken from 
each treatment, contents of nutrients were determined 
[11] and energy and nitrogen values were calculated 
[12]. 
RESULTS AND DISCUSSION
Yield of aboveground silage maize phytomass and its 
nutritive value were inﬂuenced by the course of weather 
conditions and organic manures application; however 
not only by the kind of organic fertilizer, but also by its 
quality (content of nutrients), rate and term of application 
as well (table 3).
On the average of two experimental years, average 
yield of 38.17 t.ha-1 was achieved. The effect of weather 
conditions on the maize yield was highly signiﬁcant. 
More favourable temperature and moisture conditions in 
2005, particularly the sufﬁciency of precipitation in July 
and August showed a positive effect on yield formation 
(48.33 t.ha-1). Lower yield in 2004 (28.01 t.ha-1) was 
caused by precipitation deﬁcit during the emerging of 
seedlings and quick increase of dry matter in July and 
August. Concretly, in July the precipitation achieved was 
only 40 % of the 40-years precipitation normal, in August 
only 33 % (19 mm). Karabínová et al. [10] state, that 
the amount of precipitation for successful maize growing 
should reach 100 - 120 mm in July and 70 - 80 mm in 
August.
In consequence of the fertilization, yield of maize 
aboveground biomass increased signiﬁcantly by 7.62 
t.ha-1 (BSS) and 10.18 t.ha-1 (BSA), that is by 24.8 % and 
33.1 %, respectively.
In maize nutrition nitrogen has a dominant position. It 
increases yield, content of crude protein, ﬁbre and ash 
[1, 3]. 
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Table 2: Analysis of organic manures 





Content of nutrients (g.kg-1 DM) (3)
N P K Ca Mg 
Farm-yard  2003/2004 16.8 3.2 23.2 34.2 4.1 
manure (FYM) (4) 2004/2005 22.9 5.9 24.6 25.7 6.2 
Biosludge autumn 
(BSA) (5)
2003/2004 33.2 8.7 39.4 46.9 15.2 
2004/2005 24.6 6.9 20.3 21.0 5.7 
Biosludge      2003/2004 25.8 7.7 45.4  38.8 13.9 
spring (BSS) (6) 2004/2005 16.6 5.6 27.1 17.5 6.1 
(1) organické hnojivo, (2) pokusný rok, (3) obsah živín (g.kg-1 suš.), (4) mašta�ný hnoj (MH), (5) biokal jese� (kal jese�), (6)
biokal jar (kal jar) 
As a source of nutrients, farm - yard manure releases 
nutrients during 2 - 3 years and the best utilization of 
nutrients is achieved, when mineral fertilizers are applied 
at the same time. In treatment FYM 40, the input of 
nitrogen was the highest, reaching 239 kg.ha-1. Dry matter 
yield decreased by 5.5. % and crude protein content 
increased by 24.5 % in comparison with control, what 
corresponds with results stated by Múdry et al. [13].        
Content of ash increased by 12 % compared to the 
unfertilized control and the content of organic matter 
decreased by 0.6 % at the same time. There was not 
conﬁrmed negative correlation between graduated N- 
rates and the content of ash [2].                
Quality of biosludge which was applied in years 
2003/2004 and 2004/2005 was different. Various nutrient 
content in biosludges was caused by the variability 
of materials entering the biogas unit. The amount of 
fundamental nutrients (N, P, K) applied into the soil 
through the biosludge was signiﬁcantly inﬂuenced by its 
dry matter. Biosludge of very good quality was produced 
in the year 2004/2005.
When biosludge was applied in autumn (input of N in 
the form of fertilizers = 132 kg.ha-1 on the average of 
two experimental years) the highest DM content in maize 
aboveground biomass (294.3 g.kg-1 DM) was determined 
and a decline of CP, ﬁbre and ash content was registered. 
In comparison with the unfertilized treatment, the content 
of nitrogen free extract (NFE) and organic matter content 
increased by 7.7 % and 0.7 %, respectively.
Spring biosludge application (input of N in the form of 
fertilizers = 95 kg.ha-1) decreased the DM content in 
aboveground maize biomass by 20.7 % and increased CP 
content by 13.7 %, ﬁbre content by 5.5 % and ash content 
by 26.3 %. Content of nitrogen free extract as well as 
organic matter were decreased. 
The highest energy value of aboveground maize 
phytomass, expressed in terms of net energy of lactation 
(NEL = 6.45 MJ.kg-1 DM) and net energy of fattening 
(NEF = 6.47 MJ.kg-1 DM), was found with a biosludge 
autumn application at the rate of 50 t.ha-1, what is in 
accordance with results stated by Pospišil and Mano [14]. 
The value of NEL and NEF were higher by 1.4 and 1.6 
%, respectively in comparison with treatment FYM 40. 
Uptake of nitrogen substances was evaluated according 
to protein truly digested in the small intestine (PDI). 
Limiting fraction of PDI in maize appears to be PDIN 
(ingested digestive protein allowed by energy). Higher 
values of PDIN were found in treatments fertilized with 
farm - yard manure, when at 40 t.ha-1 of FYM PDIN 
achieved 52.33 g.kg-1 DM. PDIN values were lower 
by 7.01 g.kg-1 DM (BSS) and 12.48 g.kg-1 DM (BSA), 
respectively in treatments fertilized by biosludge.     
The highest value of PDIE (ingested digestive protein 
allowed by nitrogen) was determined with the treatment 
FYM 40 (77.37 g.kg-1 DM), the lowest one in the control 
treatment (74.48 g.kg-1 DM). Šuk et al. [15] state that with 
increasing DM content in aboveground maize phytomass, 
the content of CP decreases and both PDIN and PDIE 
values increase. The values of PDIE in treatments 
fertilized by biosludge conﬁrm these ﬁndings.
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